OBJECTIVES: To report long-term survival and predictors of mortality in patients included in a large, contemporary, multicentre, multinational database: Nordic Consortium for Acute Type A Aortic Dissection (NORCAAD), which consists of 8 centres in 4 Nordic countries.
INTRODUCTION
Acute Type A aortic dissection (ATAAD) is a lethal cardiovascular event with a reported case fatality rate within 30 days of approximately 50-70% [1] [2] . Emergency surgery is nearly always indicated but associated with 5-25% mortality [2] [3] [4] [5] . Long-term prognosis has been poor, with a nearly 3-fold increased mortality rate [2] and10-year survival in the 45-65% range [6] [7] [8] [9] [10] . Longterm outcomes for operated ATAAD have not convincingly been shown to improve over time [6, 8, 11, 12] , reflecting the severity and long-term implications of the disease and underscoring the need for prognostic counselling, long-lasting surveillance and adequate reinterventions [8] .
The Nordic Consortium for Acute Type A aortic Dissection (NORCAAD) currently consists of 8 cardiovascular surgical units in 4 Nordic countries [13] , making it one of the largest ATAAD multicentre collaborations, along with the International Registry of Aortic Dissection (IRAD) and the German Registry for Acute Aortic Dissection Type A (GERAADA) [5, 14] . Contemporary long-term survival data have not yet been reported by the IRAD or the GERAADA.
This NORCAAD sub-study aims to provide insights into the medium-term (up to 8 years) survival after operation for ATAAD, focusing on outcome in surgical (30-day) survivors: survival in relationship to the general population and independent predictors of long-term mortality. NORCAAD findings can contribute to improve surgical strategies and surveillance and guide counselling and health care system resource allocation.
PATIENTS AND METHODS

NORCAAD database and definitions
The NORCAAD has retrospectively collected data on 194 perioperative variables in 1159 consecutively operated ATAAD patients from 2005 to 2014 [13] . Patients managed non-operatively were not included in the NORCAAD database. Study dates, variable definitions and exclusion criteria have been previously described [13] . For this sub-study, additional composite variables were created and used in statistical analysis: heritable conditions (occurrence of bicuspid aortic valve or connective tissue disease or family history of aortic aneurysm or dissection), previous aortic surgery (open surgical repair of abdominal or thoracic aorta) and primary tear location [ascending aorta versus non-ascending (i.e. arch, descending or a combination thereof) aorta]. Postoperative variables were not included in the analysis.
Surgical procedures
The decision to operate and employing specific techniques were at the discretion of responsible surgeon(s) at each centre. In general, operation was considered in any patient with ATAAD, given consideration to age, comorbidity and clinical status. Operations were performed through median sternotomy and employed cardiopulmonary bypass. Cannulation for and conduction of cardiopulmonary bypass, including cardioplegia and degree of hypothermia and choice of closed or open distal anastomosis, were decided on a case basis. In all the cases, the ascending aorta underwent prosthetic replacement. Further procedures on the aortic valve or root were undertaken judiciously. Open distal anastomosis during hypothermic circulatory arrest varied from simple circumferential through hemiarch replacement to total arch replacement with arch vessel reimplantation with or without elephant trunk. Concomitant procedures, such as coronary artery bypass grafting, were performed as needed.
Statistics
Data are given as numbers with percentages or means with standard deviations, as applicable. Vital status was reported from national population databases at the time of the last follow-up. Survival time is reported as medians with 95% confidence intervals (95% CIs). Survival was estimated using the Kaplan-Meier method. In univariate analysis, the variables were compared using the log-rank test. Cox proportional hazard analysis was used for univariable and multivariable analyses of predictors independently associated with long-term survival, and such predictors are reported with hazard ratio with 95% CI. Variables with a P-value of <0.20 in univariate analysis were included in the Cox model, with manual stepwise backwards elimination of variables in model selection. Breslow's method was used to handle tied failures. The proportionality assumption was tested using the Schoenfeld residuals test. The final model retained only significant variables, at the same time performing better in these test diagnostics. Relative survival (observed versus expected) was determined using official nationwide Swedish mortality data (population sample n = 10 600) as provided by Statistics Sweden, extrapolated for the year 2015 using the 2014 data and adjusted for age, gender and year of surgery. Relative survival was calculated using the Stata strs command [15] . Statistical analyses were performed using Stata v 13.1 (StataCorp, College Station, TX, USA).
RESULTS
Early (30-day) surgical mortality was 204 of 1159 (17.6%) patients, yielding 955 surgical survivors forming the study population. Survival data were available for 951 survivors (99.6% complete follow-up). Total follow-up time was 3514 patient-years, ranging from 1 day to 10.2 years, median 3.2 years and mean 3.7 (SD 2.8) years. Because of few patients at risk at 10 years, survival analysis was out to 8 years postoperatively. In the 8 NORCAAD centres, total operative volume ranged from 30 to 262 patients and median annual operative volume ranged from 4 to 32 patients. Patient characteristics are summarized in Table 1 , and properties of aortic dissection are summarized in Table 2 . Intraoperative variables are outlined in Table 3 .
Medium-term survival
During follow-up, 121 deaths from any cause occurred (12.7% of survivors), for a linearized rate of 0.034 deaths (3.4%) per patientyear. Estimated survival at 1, 5 and 8 years was 95% (95% CI 93-96%), 86% (83-88%) and 76% (72-81%), respectively. Overall survival is displayed in Fig. 1 .
Relative survival
Relative survival is illustrated in Fig. 2 . Relative survival (observed versus expected mortality in a large normal Swedish population sample matched for age, gender and year of surgery) was 95% at 1 year (95% CI 94-97%), 90% at 5 years (87-93%) and 85% (80-90%) at 8 years. A nadir of 84% relative survival was reached at 7 years postoperatively and thereafter not further deteriorating.
Predictors in univariate analysis
In univariate Cox analysis of all predictors, increased age, chronic obstructive pulmonary disease, history of chronic kidney disease, previous open abdominal or thoracic aortic repair, heritable condition and earlier year of operation/part of study period (2005-09 vs 2010-2014) were all significantly related to medium-term mortality (Tables 1 and 3) .
Predictors in multivariable analysis
In the multivariable analysis, increased age, history of chronic renal disease and previous aortic surgical repair were independent predictors of medium-term mortality, whereas presence of a heritable condition, open distal anastomosis and surgery at a later year/later period, respectively, were independently associated with better medium-term survival (Table 4) . However, patients with heritable conditions were significantly younger than those without (54 ± 13 years vs 62 ± 11 years, P < 0.001). Introducing an interaction term for age and heritable condition in the model rendered the latter variable insignificant (P = 0.002 for interaction term). The interaction between the use of distal open anastomosis and the year of operation was also tested but found non-significant (P = 0.079), even if its use increased significantly in the later study period (88% vs 81%, P = 0.019). The Kaplan-Meier survival curves for individual independent predictors are supplied as Supplementary data (Supplementary Material, Figs. S1-S4).
DISCUSSION
The medium-term survival after operation for ATAAD was gratifying-and comparing favourably to previously reported data [6] [7] [8] [9] [10] -at 95%, 86% and 76% after 1, 5 and 8 years, respectively, corresponding to a linearized rate of 3.4% death from any cause per patient-year. Survival was modestly, albeit statistically significant, worse than in a normal population adjusted for gender, age and time period (Fig. 2) . This is also in contrast to previous studies, reporting that post-ATAAD repair survival was clearly worse than the normal population [6, 9, 12] . Interestingly, this difference tended to dissipate over time, stabilizing or even decreasing at 7-year follow-up and thereafter. This finding should be interpreted cautiously due to the low remaining number of patients at risk at this time but strengthens the notion that follow-up (clinical and radiological) should be long-lasting and secondary treatments or interventions should not be based on an assumption on inferior long-term survival.
Independent predictors of worse medium-term survival were increasing age, chronic renal disease and previous open aortic surgery. Age and renal disease are generally related to survival, whereas previous aortic repair may indicate a more aggressive and/or more widespread form of aortic disease or be related to complications or sequelae from previous operations independently increasing the risk of medium-term mortality. Patients in this group may also warrant even closer follow-up routines to prevent late aortic events. Of note, cardiac redo operation was not in itself associated with increased medium-term mortality, also suggesting this variable as a marker of a worse aortic condition rather than related to perioperative risks related to previous interventions. Patients with heritable conditions (bicuspid aortic valve or connective tissue disease or family history of aortic dissection or aneurysm) also had a better medium-term survival. Interaction with age was statistically significant, and the finding primarily explained by their younger age at operation. Total and annual operative volumes were not independently related to medium-term outcome. Institutional operative volumes may be of relatively greater importance to early results. More importantly, both a strategy of open distal anastomosis (when compared with distal anastomosis with the aorta crossclamped), hazard ratio 0.55, and more recent operation (expressed as either operation year or early versus late part of the study period), hazard ratio 0.90, were independently associated with better medium-term survival. These findings are important, despite its widespread acceptance and use; the evidence for open distal anastomosis has been questionable and survival comparable to closed distal anastomosis [16] [17] [18] . Open distal anastomosis was employed increasingly during the study period, but interaction with operation year was not statistically significant. Reasonably, its use has become safer, with increased use of cerebral perfusion techniques, mitigating its potential drawbacks associated with simple hypothermic circulatory arrest. Open distal anastomosis also provides for arch inspection, management of arch tears and a safe anastomosis. Finally, the finding may reflect selection bias, where on-clamp repair may be preferred only in very old or severely ill patients judged unsuitable for circulatory arrest. The use of open distal anastomosis is explored in detail in separate NORCAAD studies. Several previously reported predictors of early mortality such as malperfusion (or Penn class), coronary artery disease, concomitant coronary artery bypass grafting, redo operation, location and excision of the primary tear site or DeBakey Type I dissection [4, 7, 9, 19] were not independently associated with medium-term survival.
It has not been evident that either early or long-term mortality actually improved in the recent era [6, 8, 11] . Besides smaller single-institution reports, a large US analysis demonstrated improved results for ATAAD surgery yet from very high (approximately 30% early mortality) levels [20] . Recently, the IRAD also reported improved ATAAD surgical mortality (from 25% to 18%) when summarizing data from 2552 patients over a 17-year period [5] . NORCAAD data suggest significantly improved early and medium-term survival in a multinational multicentre setting in only 1 decade. The mechanisms behind these positive trends warrant further exploration to decide which factors among patient inherent characteristics, preoperative management and patient selection, and perioperative techniques and strategies could be identified as important and thus further improved.
Long-term survival has not been reported from the GERAADA and only once from the IRAD in a sub-study including 273 patients with surgically treated ATAAD followed up to 5 years [21] .
Hence, multi-institutional long-term data are scarce. NORCAAD survival is equal to or comparing favourably to reported singleinstitution series [7] [8] [9] [10] [11] , but direct comparisons are difficult due to differences in treatment period, duration of follow-up and reporting (overall survival versus survival of discharged patients). NORCAAD reports medium-term survival in early surgical survivors to focus on the results of surgical treatment rather than underlying disease severity. NORCAAD also focus on preoperative and intraoperative predictors, because severe surgical complications such as stroke, renal and respiratory failure were regarded as primary surgical outcomes rather than predictors. It is well established that such severe complications affect long-term prognosis in an anticipated fashion [7-11, 21, 22] . Prognostic counselling for surviving patients with severe complications needs to be individualized and is less suitable for population-level investigation; in fact, inclusion of such factors will render survival analysis uninformative to the majority of medium-term survivors.
Few studies have compared long-term survival after ATAAD surgery to a normal population. In New York, long-term survival was found acceptable but clearly below normal: 84% and 64% at 5 and 10 years compared with expected 92% and 79% [9] . The findings were similar in New Zealand: early outcomes improved over time, but not late survival, remaining at 59% at 10 years postoperatively and significantly below the expected 85% agematched survival rate [12] . Bekkers et al. [22] summarized outcomes over a 27-year period (n = 232) and found long-term survival after ATAAD surgery significantly lower than for a simulated '58-year-old male'. As opposed to the NORCAAD findings, this difference appeared to increase over time. That relative survival now approaches that of the normal population is an important information to ATAAD victims, health care providers, insurance providers and surgeons and physicians alike. Medical decision making in ATAAD survivors may not be based on an assumption of markedly decreased survival. The prevalence of repaired ATAAD may continue to increase and requires sufficient resource allocation and professional follow-up to continue to optimize the apparent favourable outcomes.
Limitations
This study has several limitations. It is based on retrospectively collected data (unlike, for instance, the IRAD and the GERAADA), with its inherent disadvantages. Important data on entry site location and resection and false-lumen patency were unavailable for analysis. Follow-up in terms of patient-years is comparatively extensive, but numbers at risk are few at the end of follow-up, rendering predictions beyond 8 years uncertain. Analysing medium-term survival of in-hospital or 60-day survivors, versus 30-day survivors, could potentially provide a more adequate analysis, acknowledging surgical deaths occurring beyond 30 days. Such analyses were carried out separately and did not alter the principal findings but affected some statistical measurements due to reduced total follow-up data. Furthermore, 30-day mortality is a robust and often reported outcome. Finally, data regarding the cause of death were not collected in NORCAAD. Therefore, specific analysis of aortic-related mortality could not be performed. 
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